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TITLE OF THE INVENTION 



HOLE FORMING TOOL 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to hole forming tools such as drills, etc., suitable for 
forming holes in hard steels of which the hardness is, for example, higher than 40HRC. 
This specification is on the basis of Japanese Patent Applications (Japanese Unexamined 
Patent Application Publication No. 1 1-244120, No. 2000-004058, No. 2000-093834, and No. 
2000-099648), and the disclosures of these Japanese Patent Applications are incorporated 
herein as a part of this specification by reference. 

DISCUSSION OF THE BACKGROUND 

[0002] Conventionally, in a case of forming a hole in a die constructed of, for example a 
tool steel for cold dies, heat treatment eras performed, after the hole forming process. 
Accordingly, tools for typical steels were used. To satisfy a demand to reduce the period for 
processing and thereby reduce costs, however, a method in which the hole forming 
process is performed after the heat treatment has become increasingly common. In such a 
case, it is inefficient to form the hole by electrical discharge machining. Accordingly, drills 
for hard steels are used, which are capable of cutting hard steels of which the hardness is 
approximately 40 to 60HRC, and 70HRC at maximum. 

[0003] These drills have been used for forming shallow holes only, of which the ratio of the 
hole depth L and the outside diameter of the drills D, L/D, is 3 or less. Techniques for 
forming such holes are disclosed in, for example, Japanese Unexamined Patent Application 
Publications Nos. 7-80713a and 7-112317. 

[0004] With respect to conventional drills for hard steels of which the hardness exceeds 
40HRC, there has been a disadvantage in that wearing, chipping, and fracture of cutting 
edges easily occur. Thus, the cutting edges were quickly abraded and the tool life was 
reduced. To avoid this, drills according to the above-described publications are designed such 
that a helix angle of chip discharging grooves is small, such as 10° to 20°, while a helix angle 
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of drills for typical steels is approximately 20° to 30°. Alternatively, the drills are designed 
such that a core diameter is larger than 0.38D, in which D represents the outside diameter of 
the drills. These designs may also be applied in combination. Accordingly, the rigidity of 
the drills is increased and the tool life is maintained. 

[0005] When, for example, finishing processing is to be performed after the hole forming 
process, a hole formed by the above-described drills for hard steels will be a primary hole. 
Accordingly, in addition to the maintenance of the tool life, high cutting accuracy is also 
required. The above-described drills, however, are designed merely for increasing the 
rigidity thereof by decreasing the helix angle ref the chip discharging grooves and by 
increasing the core diameter. Although such a construction reduces the risk of causing 
fracture of the cutting edges or breakage of the drills, there is a disadvantage in that the 
cutting force is increased and the sharpness of the cutting edges is degraded. As a result, the 
cutting accuracy is degraded. 

SUMMARY OF THE INVENTION 
[0006] Accordingly, in consideration of the above-described circumstances, it is an object 
of the present invention to provide a hole forming tool of which the tool life is increased 
without degrading the cutting accuracy. 

[0007] Basically, according to the present invention, a hole forming tool which rotates 
around a rotational axis includes: one or more chip discharging grooves which are helically 
formed around the rotational axis in the exterior surface of the hole forming tool; and one or 
more cutting edges which are formed along ridge lines between inner surfaces of the chip 
discharging grooves, which are facing the rotating direction, and flank faces formed at an 
end of the hole forming tool. In addition, a radial rake angle of the cutting edges is set to a 
negative value in the range of -5° to -10° , and a point angle is in the range of 125° to 135°. 
When the radial rake angle of the cutting edges is in the above-described range, the cutting 
force is reduced and fracture of the cutting edges is prevented. In addition, satisfactory 
sharpness of the cutting edges will be ensured. The value of the radial rake angle may be 
positive in a case of forming a hole in typical steels such as carbon steels, etc. However, in a 
case of cutting hard steels of which the hardness is, for example, over 40HRC, fracture of 
cutting edges easily occurs when the value of the radial rake angle is higher than -5°. When 
the value of the radial rake angle is lower than -10°, the cutting force increases so that the 
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cutting accuracy will be degraded. 

[0008] When the point angle is smaller than 125°, vibration easily occurs, especially in the 
ease of cutting a hard steel. In addition, a time Interval will be long in which the cutting 
edges are not completely led into a work material and in which the cutting is unstable. When 
the point angle is larger than 135° , the hole forming tool cannot smoothly penetrate into the 
work material. In either case, the fineness of the formed hole will be degraded. 
[0009] By setting the point angle in the range of 125° to 135°, the time interval in which 
the cutting is unstable is reduced. In addition, the hole forming tool may smoothly penetrate 
into the work material. Accordingly, the degradation of the fineness of the formed hole is 
prevented. In addition, according to the present invention, the hole forming tool may have 
one or more of the following characteristics. 

[0010] According to a first characteristic, a groove width ratio of the hole forming tool is in 
the range of 0.9 to 1 . 1 . 

[001 1] When the groove width ratio is smaller than 0.9, the chips will clump inside the chip 
discharging grooves due to the lack of space. When the groove width ratio is larger than 1.1, 
the rigidity of the hole forming tool will be reduced. In either case, the fineness of the 
formed hole will be degraded and breakage of the hole forming tool will occur. 
[0012] By setting the groove width ratio in the range of 0.9 to 1.1, the clumping of the 
chips due to the lack of space is prevented, and sufficient rigidity of the hole forming tool is 
ensured. Accordingly, the fineness of the formed hole is maintained and breakage of the hole 
forming tool is prevented. 

[0013] According to a second characteristic, a core diameter of the hole forming tool is in 

the range of 0.38D to 0.42D, in which D is a cutting edge diameter of the hole forming tool. 

[0014] When the core diameter is smaller than 0.38D, the flexural rigidity of the tool will 

be insufficient, and when the core diameter is larger than 0.420, the space inside the chip 

discharging grooves will be too small so that the chips will clump therein. 

[0015] By setting the core diameter in the range of 0.380 to 0.420, the flexural rigidity o£ 

the tool is ensured, and clumping of the chips, which increases the cutting force, is prevented. 

Accordingly, the fineness of the formed hole and the tool life are maintained. 

[0016] According to a third characteristic, a helix angle of the chip discharging grooves 

may be in the range of 5° to 15°. 

[0017] When the helix angle is smaller than 5°, the sharpness of the cutting edges and the 
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ability to discharge the chips are degraded, so that fracture of the hole forming tool will 
occur. When the helix angle is larger than 15°, the torsional rigidity will be insufficient so 
that the fineness of the formed hole will be degraded. 

[0018] By setting the helix angle in the range of 5° to 15°, fracture of the hole forming 
tool, which is caused by the degradations of the sharpness of the cutting edges and of the 
ability to discharge the chips, is prevented. In addition, sufficient torsional rigidity is ensured 
so that the fineness of the formed hole is maintained. 

[0019] According to a fourth characteristic, the hole forming tool of the present invention is 
constructed of a cemented carbide, and an average particle diameter of WC, which is 
contained in the cemented carbide, may be in the rage of 0, 1 to L0 jjm. 
[0020] When the cemented carbide in which the average particle diameter of WC is small is 
used, the radial rake angle may be set to a higher value, which improves the sharpness of the 
cutting edges. In addition, the toughness and the resistance to fracture of the hole forming 
tool are enhanced, so that the cutting accuracy and the tool life may be increased. 
[0021] According to a fifth characteristic, at least a part including the chip discharging 
grooves of the hole forming tool is coated with a layer constructed of a hard material, for 
example, a titanium compound. 

[0022] By coating the hole forming tool with, for example, TiAIN which is a, nitride, the 
friction between the chips and the chins discharging grooves will be reduced, so that the load 
including cutting torque, thrust, etc., will also be reduced. As a result, the cutting edges will 
have further resistance to fracture and the tool life will be increased. 
[0023] According to a sixth characteristic, the main body of said hole forming tool is 
constructed of a cemented carbide which comprises 10 ± 2 wt% Co, 0.65 ± 0.25 wt% Cr, WC 
for the balance, and inevitable impurities. 

[0024] By using the above described cemented carbide, in which the rigidity is high, as the 
material, the rigidity of the main body of the hole forming tool is ensured. In addition, when 
the average particle diameter of WC is particularly small such as 0.1 to 1.0 /^m, the versatility 
of shapes of the cutting edges will be increased. Accordingly, durability of the hole forming 
tool is ensured even when the radial rake angle is in the range of -5° to -10°, and fracture of 
the tool is prevented. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings wherein like reference numerals designate identical or 
corresponding parts throughout the several views and wherein: 

[0026] Fig. 1 is an end view of a, drill according to the preferred embodiment of the present 
invention; 

[0027] Fig. 2 is a side view of a cutting portion of the drill according to the embodiment of 
the present invention; 

[0028] Fig. 3 is a cross sectional view of the drill according to the embodiment of the 
present invention, which is cut along a plane perpendicular to the central axis; 
[0029] Fig. 4 is a side view of the drill according to the embodiment of the present 
invention; 

[0030] Fig. 5 is a graph showing results of a first test in which examples of the present 
invention and comparative examples were compared; 

[003 1] Fig. 6 is a schematic representation showing results of a second test, in which 
examples of the present invention and comparative examples were compared. 
[0032] Figs. 7A and 7B are graphs showing results of a third test in which examples of the 
present invention and comparative examples were compared. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0033] An embodiment of the present invention will be described below with reference to 
Figs, 1 to 4, in which a drill 1 . according to the present embodiment is shown. The drill 1 has 
a shape of a rod and is constructed of a cemented carbide as described below. A main body 2 
of the drill 1 includes a shank portion 3 and a cutting portion 4. Two chip discharging 
grooves 6 and 6 are helically formed in an exterior surface 4a of the cutting portion 4 in a 
rotationally symmetrical manner around a rotational axis 0 of the main body 2. 
[0034] As shown in Figs. 1 and 2 , cutting edges 8 and 8 are formed along ridge lines 
between inner surfaces 6a, 6a of the chip discharging grooves 6, 6, which are facing the 
rotating direction, and an end surface 7 of the cutting portion 4. 
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[0035] As shown in Fig. 1, each of the cutting edges 8, 8 includes a central portion 8a and a 
peripheral portion 8b. The central portion 8a has a shape of an approximately straight line 
and radially extends from the rotational axis O. The peripheral portion 8b also has a shape of 
an approximately straight line, and extends to the periphery of the cutting portion 4 in a 
manner such that the central portion 8a and the peripheral portion 8b form an obtuse angle. 
In Fig. 1, the central portion 8 a and the peripheral portion 8b are smoothly connected, and the 
connecting part is arc-shaped. The present invention, however, is not limited to this. The 
central portion 8a and the peripheral portion 8b may also be angularly connected, forming an 
obtuse angle therebetween (for example, 150° to 170°). 

[0036] The end surface 7 of the cutting portion 4 has a pair of land portions 10, 10 which 
are formed in a rotationally symmetrical manner. Each of the land portions 10, 10 has a 
vertex at a point on which the rotational axis O crosses the end surface 7, and approaches the 
other end of the drill 1 1 toward the periphery of the end surface 7. Each of the land portions 
10, 10 form flank faces of the cutting edges 8, which includes a second flank face 1 1 and a 
third flank face 12. The second flank face is formed in the front region in the rotating 
direction, and has a positive and relatively small relief angle al . The third flank face 12 is 
formed in the rear region of the second flank face 1 1 in the rotating direction, and has a 
relatively large relief angle a2 (> ccl). In addition, a thinning surface 13 is formed in the 
region still farther to the rear, and has a relief angle a3 which is larger than a2. 
[0037] In the present embodiment, the flank faces in the end surface 7 are formed by planes 
including the second flank face 11, and the third flank face 12, as shown in Fig. 1. The 
present invention, however, is not limited to this. A conical flank face, or flank faces having 
other adequate shapes may also be adopted. 

[0038] Each of the inner surfaces 6a and 6a at the ends of the chip discharging grooves 6 
and 6 forms a rake surface of the peripheral portion 8b of the each of the cutting edges 8. In 
addition, a step surface 13a between the second flank face 1 1 in one land portion 10 and the 
thinning surface 13 in the other land portion 10 extends toward the shank portion 3 of the 
drill, forming a rake surface of the central portion 8a. 

[0039] The second flank faces 11,11 protrude in the radial direction relative to the 
periphery of the third flank faces 12, 12, forming margins 1 la, 1 la having a small width. 
The margins 1 la, 1 la extend along the chip discharging grooves 6, 6 over the exterior 
surface 4a of the cutting portion 4. The maximum outside diameter (cutting edge diameter) 
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D of the cutting portion 4 represents the distance between the peripheral ends of the cutting 
edges 8, 8, which are at the front ends of the margins 1 la, 1 la in the rotating direction (see 
Fig. 1). 

[0040] In Fig. 1 and Fig. 3, La is a distance along an arc around the chips discharging 
groove 6, when the center of the arc is on the central axis. In addition, Lb is a distance along 
an arc at the periphery of the land portion 10. A groove width ratio La/Lb is in the range of 
0.9 to 1.1. When the groove width ratio is smaller than 0.9, the width of the chip discharging 
grooves 6, 6 is too small, and the ability to discharge chips will be degraded. 
[0041] As a result, there will be a problem in that the chips will clump inside the chip 
discharging grooves 6, 6. When the groove width ratio is larger than 1.1, the ability to 
discharge chips will be improved. However, the rigidity of the drill will be reduced. In 
either case, there will be disadvantages in that the cutting accuracy will be degraded and the 
breakage of the drill 1 will easily occur. 

[0042] As shown in Fig. 1 and Fig . 3, the land portions 10 and 10 are separated by the pair 
of chip discharging grooves 6, 6. A diameter of a core 24 in the middle of the land portions 
10 and 10 is in the range of 0.3 8D to 0.42D, in which D is the cutting edge diameter 
representing the distance between the peripheral ends of the cutting edges 8, 8. When the 
core diameter is smaller than 0.3 8D, the flexural rigidity of the main body 2 will be reduced. 
When the core diameter is larger than 0.42D, the depth of the chip discharging grooves 6 , 6 
will be small and the space therein will be insufficient, so that the chips will clump inside the 
chip discharging grooves 6, 6, increasing the cutting force. As a result, fracture and wearing 
of the cutting edges 8 and 8 will occur. Accordingly, there will be problems in that the 
cutting accuracy will be degraded and the tool life will be reduced in either case. 
[0043] The chip discharging grooves 6, 6 are helically formed around the rotational axis O 
in the inverse direction of the rotating direction toward the shank portion 3 of the main body. 
Referring to Fig. 2, a helix angle 0 of the chip discharging grooves relative to the rotational 
axis O is in the range of 5° to 15°, when the drill is seen from the side. When the helix angle 
0 is smaller than 5°, inclination of the chip discharging grooves 6, 6 including the inner 
surfaces 6a and 6a, which form the rake surfaces, will be too small. Thus, the sharpness of 
the cutting edges will be degraded. In addition, the helix angle 0 will be too small relative to 
the direction in which the chips are generated by the cutting edges 8 and 8, so that the ability 
to discharge the chips will also be degraded. Accordingly, the cutting force will be increased 
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and fracture of the cutting edges 8 and 8 will easily occur. When the helix angle 0 is larger 
than 15°, the torsional rigidity of the drill will be too small so that the cutting accuracy will 
be degraded, especially in the case of forming a hole in a hard steel. 

[0044] With reference to Fig. 2, a point angle y between the lines extended from the cutting 
edges 8 and 8 in the end surface 7 of the main body 2 is in the range of 125° to 135°. When 
the point angle y is smaller than 125°, vibration easily occurs during the hole forming 
process, especially in the case of cutting a hard steel. In addition, the time interval will be 
longer in which the cutting edges 8 and 8 are not completely led into a work material, and in 
which the cutting is not stably performed. When the point angle y is larger than 135°, the 
drill cannot smoothly penetrate into the work material. In either case, fineness of the formed 
hole will be degraded. 

[0045] With reference to Fig, 1. a radial rake angle p is set to a negative value in a range of 
-5° to -10°, particularly at the peripheral portion 8b of the cutting edge 8. When the value of 
the radial rake angle P is higher than -5°, fracture of the cutting edges 8, 8 will easily occur. 
When the value of the radial rake angle P is lower than -10°, there will be a problem in that 
the accuracy of the hole position will be degraded due to the cutting force. 
[0046] According to the present embodiment, at least the cutting edges 8 and 8 or the 
cutting portion 4 of the main body 2 are constructed of the cemented carbide, which 
preferably comprises 10 ± 2 wt% Co, 0.65 ± 0.25 wt% Cr, tungsten carbide (WC) for the 
balance, and inevitable impurities. The average particle diameter of the tungsten carbide 
(WC), which is the main component of the cemented carbide, is in the range of 0.1 to 1. 0 fm. 
[0047] With respect to conventional drills constructed of a cemented carbide, the 
composition of the cemented carbide was 9% Co, 8.1% TiC, 9.9% TaC, 1.1% NbC, and WC 
for the balance. In addition, the average particle diameter of WC, which is the main 
component of this cemented carbide, was in the range of approximately 2 to 3 jum. In such a 
case, the value of the radial rake angle must be lower than -25° to avoid fracture of the 
cutting edges. Accordingly, since the value of the radial rake angle was set to such a low 
value, the sharpness of the cutting edges was not sufficient. 

[0048] In contrast, according to the drill 1 of the present embodiment, the average particle 
diameter of WC is reduced, so that the radial rake angle may be set to a higher value, in the 
range of -5° to -10°. Accordingly, the sharpness of the cutting is improved. In addition, the 
versatility regarding the shape of the cutting edges is increased, and the resistance to fracture 
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is maintained. 

[0049] As shown in Fig. 3, the surface of the cutting portion 4 is coated with a layer 16, 
which is constructed of a hard material, for example a titanium compound. Accordingly, the 
resistances to fracture and to abrasion of the cutting edges 8, 8 are enhanced. In addition, the 
cutting accuracy is improved and the tool life is increased. 

[0050] The performance of the drill 1, which has the above-described construction, is 
considered below in the case in which a hole is formed in a hard material of which the 
hardness after the heat treatment is higher than 40 HRC. The main body 2 of the drill 1 is 
rotated around the rotational axis O, and is moved toward the work material in the direction 
of the rotational axis O. Since the point angle y of the cutting portion 4 is in the range of 
125° to 135°, the drill 1 smoothly penetrates into the work material. In addition, the rigidity 
of the drill is sufficient relative to the hardness of the work material. Accordingly, fracture of 
the cutting edges 8, 8 is prevented. Moreover, the average particle diameter of WC 
comprised in the cutting edges 8, 8 is set to a small value such as 0.1 to 1.0 yum, and the 
radial rake angle P is set to a small and negative value such as - 5° to -10°. Accordingly, 
fracture of the cutting edges 8, 8 is prevented and the cutting force is reduced. In addition, 
the sharpness of the cutting edges 8, 8 is ensured. 

[005 1] In addition, since the core diameter is in the range of 0.38D to 0.42D, the rigidity of 
the main body 2 is ensured and the space inside the chip discharging grooves 6, 6 is 
sufficient. 

[0052] Since the work material is a hard die steel, chips generated by the cutting edges 8, 8 
are crumbled into small pieces and do not elongate in a helical manner. In addition, the 
groove width ratio is in the range of 0.9 to 1.1. Thus, despite the helical angle of the chip 
discharging grooves 6, 6 being set to a relatively small value such as 5° to 15°, the chips do 
not easily clump inside the grooves. Accordingly, fracture of the main body 2 due to the 
clumping of the chips is prevented. In addition, the rigidity of the drill 1 is ensured, so that 
the fineness of the hole is maintained. 

[0053] In accordance with the drill 1 of the present embodiment, the fineness of the hole is 
ensured even when a shallow hole, in which L/D is 3 or smaller as in the conventional case, 
is formed in a hard steel of which the hardness is higher than 40 HRC. More specifically, a 
hole is formed in which the circularity is excellent, and in which the amount of oversizing 
and surface roughness is small. In addition, fracture of the cutting edges 8, 8 is prevented, 
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and the tool life is increased. 



EXAMPLES 

[0054] Next, cutting tests in which samples according to the present invention is used will 
be described below. 

[0055] The samples used in the cutting tests had basically the same construction as the drill 
1 described above in the embodiment. As shown in Table 1, samples of types A and B were 
prepared as examples of the present invention, and samples of types C, D, and E were 
prepared as comparative examples. 

[0056] With respect to types A and B, the material of the samples was Z10 according to 
ISO, which is a cemented carbide comprising 10 ± 2 wt% Co. 0.65 ± 0.25 wt% Cr, WC for 
the balance, and inevitable impurities. The average particle diameter of WC was L0 jjm. In 
addition, values of the core diameter, the groove width ratio, the ratio radial rake angle (3 of 
the cutting edges 8, 8, the point angle y 9 and the helix angle 0 are shown, in Table L With 
respect to the type C, the material was M20 according to ISO, which is a cemented carbide 
comprising 9 wt% Co, 8.1 wt% TiC, 9.9 wt% TaC, 1.1 wt% NbC, and WC for the balance. 
The average particle diameter of WC was 2 jum. Other variables of the type C were the same 
as those of the type A. With ,respect to the type D, variables were the same as those of type 
A except that the radial rake angle P was -15° and the point angle y was 120°. With respect 
to the type E, variables were the same as those of the type A except that the core diameter 
was 0.25D and the helix angle 8 was 30°. 

[0057] With respect to a work material, SKD1 1 according to the Japanese Industrial 
Standard (JIS), which is a cold die steel, was used after the heat treatment was performed. 
The hardness of the work material after the heat treatment was 60HRC. 
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Table 1 





Material 
(ISO) 


Core 
diameter 


Groove 
width ratio 


Radial rake 
angle 


Point 
Angle 


Helix 
Angle 


Type A 
(Examples) 


Z10 


0.40D 


1.0:1 


-7° 


130° 


10° 


TypeB 
(Examples) 


Z10 


0.38D 


1.1:1 


-7° 


130° 


10° 


TypeC 
(Comparative 
Examples) 


M20 


0.40D 


1.0:1 


-7° 


130° 


10° 


TypeD 
(Comparative 
Examples) 


Z10 


0.40D 


1.0:1 


-15° 


120° 


10° 


Type E 
(Comparative 
Examples 


Z10 


0.25D 


1.0:1 


-7° 


130° 


30° 



[0058] In a first test, differences in tool lives according to the material were examined. In 
this test, samples of types A, B, and C were used for forming holes which penetrate through 
the work material. The test was performed under the following conditions. That is, the 
cutting edge diameter D was 3 mm, the cutting speed was 7.0 m/min, the feed was 0.04 
mm/rev, and the cutting depth was 9 mm (L/D = 3). In addition, a soluble emulsion (10% 
dilution) was used as a cutting lubricant. 

[0059] With respect to each of types A, B and C, two samples were used in this test. The 
results of the test are shown in Fig. 5. 

[0060] Approximately 140 holes were formed by each sample of the type A, and 110 and 
120 holes were formed by the samples of type B. After the test, normal abrasion was 
observed in the cutting portions 4 of the samples of types A and B. In contrast, the samples 
of the type C were broken after approximately 30 holes were formed. Thus, the samples 
exhibited apparent differences in tool lives. 



[0061] In a second test, differences in the fineness of the holes according to the radial rake 
angle and the point angle were examined. 

[0062] In this test, samples of types A and D were used for forming holes which penetrate 
through the work material. The cutting edge diameter D was 10 mm, and the cutting depth 
was 30 mm (L/D = 3). In addition, the soluble emulsion (10% dilution) was used as the 
cutting lubricant. 

[0063] With respect to each of types A and D, three samples were used in this test. The 
results of the test are shown in Fig. 6. 

(a) Comparison regarding oversizing 

[0064] First, holes were formed under conditions in which the feed was fixed to 0. 10 
mm/rev and the cutting speed was increased from 1 to 20 m/min, and the amounts of 
oversizing in the formed holes were measured (see the upper section in the column labeled 
"oversized" in Fig. 6). Next, holes were formed under conditions in which the cutting speed 
was fixed to 20 m/min, the feed was increased to 0.10 mm/rev, and the amounts of oversizing 
in the formed holes were measured (see the lower section in the column labeled "oversize" in 
Fig. 6). 

[0065] The degree of variation in the amounts of oversizing in the holes formed by the 
samples of type D was larger compared to the holes formed by the samples of type A. In the 
case in which the feed was fixed, the sample of type D broke when the cutting speed was 20 
m/min, as is understood from the upper section in Fig. 6. In the case in which the cutting 
speed was fixed, the sample of type D broke when the feed was 0.10 mm/rev, as is 
understood from the lower section in Fig 6. 

(b) Comparison regarding surface roughness 

[0066] First, holes were formed under conditions in which the feed was fixed to 0.10 
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mm/rev and the cutting speed was increased from 1 to 20 m/min, and surface roughnesses of 
the formed holes were measured (see the upper section in the column labeled "surface 
roughness" in Fig. 6). Next, holes were formed under conditions in which the cutting speed 
was fixed to 20 m/min, the feed was increased to 0.10 mm/rev, and the surface roughnesses 
of the formed holes were measured (see the lower section in the column labeled "surface 
roughness" in Fig. 6). 

[0067] The degree of variation in the surface roughnesses of the holes formed by the 
samples of type D was larger compared to the holes formed by the samples of type A. In the 
case in which the feed was fixed, the sample of type D broke when the cutting speed was 20 
m/min, as is understood from the upper section in Fig. 6. In the case in which the cutting 
speed was fixed, the sample of type D broke when the feed was 0.10 mm/rev, as is 
understood from the lower section in Fig. 6. 
(c) Circularity 

[0068] First, holes were formed under conditions in which the feed was fixed to 0. 10 
mm/rev and the cutting speed was increased from 1 to 24 m/min, and the circularity of each 
of the formed holes were measured (see the upper section in the column labeled "circularity" 
in Fig. 6). Next, holes were formed under conditions in which the cutting speed was fixed to 
20 m/min and the feed was increased to 0.10 mm/rev, and circularities of the formed holes 
were measured (see the lower section in the column labeled "circularity" in Fig. 6). 
[0069] The circularities of the holes formed by the samples of type D were larger compared 
to the holes formed by the samples of type A. In the case in which the feed was fixed, the 
sample of type D broke when the cutting speed was 20 m/min, as is understood from the 
upper section in Fig. 6. In the case in which the cutting speed was fixed, the sample of type 
D broke when the feed was 0.10 mm/rev, as is understood from the lower section in Fig. 6. 
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In, a third test, the variation in the amounts of abrasion in the flank face and the variation in 
the amounts of oversizing were examined. 

[0070] In this test, samples of types A and E were used for forming holes which penetrate 
through the work material. With respect to the work material, SKD61 according to the 
Japanese Industrial Standard (JIS) was used as the work material. The hardness of the work 
material after the heat treatment was 50HRC. The outside diameter D was 10 mm, the 
cutting speed was 30 m/min, the feed was 0.10 mm/rev, and I the cutting depth was 30 mm 
(L/D = 3). In addition, the soluble emulsion (10% dilution) was used as the cutting lubricant. 

(a) Abrasion in the flank face 

[0071] As is understood from Fig. 7 A. the amount of abrasion in the sample of type A after 
forming 100 holes (approximately 0.39 mm) and the amount of abrasion in the sample of 
type E after forming 22 holes were approximately the same. At this time, normal abrasion 
was observed in the samples of both types, and the samples were not broken. The tool life of 
the sample of type A was 3.5 times longer than that of type E. 

(b) Oversized 

[0072] As shown in Fig 7B, the amounts of oversizing caused in the holes formed by the 
sample of type A were significantly less compared to the holes formed by the sample of type 
E. Although the sample of type E broke after forming approximately 30 holes, the sample of 
type A could form more than 100 holes. 

[0073] From the results of the above-described first to third tests, it is understood that the 
fineness of the holes is improved and the tool life is increased by using the samples of types 
A and B, which were prepared as examples of the present invention. In addition, it was 
proved that the material, the radial rake angle, the point angle, the core diameter, and the 
helix angle greatly affect the fineness of the holes and the tool life. 
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[0074] Although the drill 1 according to the embodiment of the present invention was a 
unitary type, the present invention is not limited to this. A drill of a brazed type, throwaway 
type, etc., may also be used as long as the cutting edges 8, 8 are constructed of the cemented 
carbide having the above-described composition. 

[0075] In addition, the work material is not limited to hard steels. The present invention 
may also be applied in the process of forming a hole in a steel of which the hardness is 
40HRC or less. 

[0076] In addition, the present invention is not limited to drills, and may be applied in 
various hole forming tools. 

[0077] Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 
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LEGENDS FOR FIGS. 5-7 

FIG. 5 

5 1 : NUMBER OF HOLES 
52: TYPE A 
53: TYPE B 
54: TYPE C 

FIG. 6 
601: OVERSIZED 
602: SURFACE ROUGHNESS 
603: CIRCULARITY 

604: RELATIONSHIP BETWEEN CUTTING SPEED AND FINENESS 

605 : RELATIONSHIP BETWEEN FEED AND FINENESS 

606: OVERSIZED (\im) 

607: SURFACE ROUGHNESS Gun) 

608: CIRCULARITY (jim) 

609: CUTTING SPEED (m/min) 

610: FEED (mm/rev) 

611 TYPE A 

612 TYPE D 
FIG. 7 

7 1 : ABRASION IN FLANK FACE VB (fun) 

72: OVERSIZED 

73 : NUMBER OF HOLES 

74: TYPE E 

75: TYPE A 
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